.
In this paper we describe in detail the stratigraphy and tectonic implications of buried marsh deposits from Netarts Bay, a coastal lagoon in northern Oregon (Figure 3) . The small marsh of Netarts Bay was chosen for a detailed study of late Holocene records of relative sea level change on the basis of its protection from ocean storm waves and its negligible fluvial influence. These conditions are important to insure as complete and uncomplicated a record of relative sea level change as possible. In addition, its central position in the Cascadia margin (45øN) allows for the comparison of neotectonic processes in northwestern Oregon with reported marsh burial events in larger estuaries of southwestern Washington [Atwater, 1987] . The stratigraphic evidence and sedimentological evidence for episodic, abrupt marsh burial are discussed. In addition, the approximate radiocarbon ages and vertical displacements of six subsidence events that occurred during the last several thousand years are presented. Our study results argue for abrupt tectonic subsidence associated with coseismic strain release events in this historically aseismic subduction zone.
BACKGROUND
To interpret vertical tectonics from salt marsh stratigraphies it is important to understand the relationship between relative sea level and the dynamics of marsh development. Salt marshes occupy a narrow elevation zone (with respect to mean sea level) between esmarine tidal flats (lower intertidal) and upland (supratidal). For this reason they have been used as indicators of tidal level positions to document changes in relative sea level [Kraft, 1971] . Salt marshes develop initially by encroaching on a relatively barren tidal flat. The marsh gradually builds upward (by trapping sediment and accumulating peat) to a point where (1) tidal influence diminishes, (2) sediment supply decreases, and (3) marsh elevation stabilizes. Salt marsh development is affected by many factors, including but not limited to tidal range, sediment supply, sediment resuspension (erosion), and basin salinity, as well as changes in relative sea level [Redfield, 1972; Niering and Warren, 1980] 
METHODS
To describe, analyze, and interpret buffed peats in Netarts Bay, a total of 13 cores were taken to depths of 4-6 m in two ortJoogonal transects across the small salt marsh (0.5 km a in area) between 1985 and 1987 ( Figure 4) . Subsurface coting to depths of 4-6 m represents the limit of hand coting methods used in Netarts Bay. Continuous cores were taken with 3 m and 6 m lengths of plastic pipe, 5 cm and 7.5 cm in li4a•c deter, respectively. The core was used for peat ating, x-radiography of sedimentary structures, and sediment composition analyses. A gouge corer (2.5 cm diameter) was also used to collect cores at successive 1 m intervals to depths of 4-6 m. These cores were used for stratigraphic and depth control owing to sediment compaction (average 10% of core length) associated with the continuous coting method. All cores were stored in a refrigerated core facility at Oregon State University. All core sites and representative modem marsh and tidal flat surfaces (total of 13 locations) were surveyed into local mean tidal level (MTL). The local mean tidal level was established from one month of continuous tide gauge data recorded in a tidal creek between core sites 7 and 13 [Darienzo, 1987] .
The split cores were examined in the lab and logged relative to a 1 cm reference scale. Upper marsh contacts and sediment capping layers were measured at 1 mm scales. Selected horizons were subsampled for measures of (1) sediment bulk density, after drying at 60øC for 24 hours [Gardner, 1965] 
Tidal Range and Modem Marsh Elevations
The modem marsh surface elevations at nine core sites, located along two transects (Figure 4) , were found to range from 1.1 m to 1.5 m above MTL (Table 1) Significantly, only parts of the burial unit are found in some core intervals. For example, there are no SCL horizons associated with the second buried peaty horizon near zero MTL at sites 5, 7, and 10, and this peaty horizon is completely absent from the remaining core sites ( Figure 5 ). Although the third buried peaty horizon is also missing from site 8, a conspicuous SCL horizon is present, and it denotes the continuity of this stratigraphic "event" horizon across the central marsh area. In contrast to the absence of peat development after some burial events at core sites toward the center of the marsh, the peat development at site 6 is nearly continuous, being interrupted only by the thin SCL horizons. This probably reflects (1) a greater sediment deposition rate there due to its proximity to the sand spit (a source of eolian sand supply), (2) a higher deposit elevation at site 6 prior to the burial events and (3) maximum protection from basin wind waves produced by onshore winds. Finally, the fifth and sixth peat horizons, observed at sites 5, 10, 11, and 13, are anomalous in several respects. For example, none of these peat horizons are associated with SCL horizons, and the intervening mud layers between the peat horizons are very thin (5-15 cm thick). In summary, three specific burial events (the second, fifth, and sixth buffed peats) can be clearly discriminated and correlated on the basis of distinct horizons (stratigraphic fingerprints).
The system wide variability in sequence stratigraphy for successive burial horizons demonstrates that burial events likely differed in the rate and/or magnitude of relative sea level change. On the other hand, the variability between core sites shows that the perimeter and interior marsh sites record somewhat different responses to corresponding burial events. For example, at core site 8, a marsh apparently never developed after burial (Table 2 ). In subsequent sections each of these variables will be discussed in detail, explaining how its vertical and lateral changes in the cores can be used to interpret the response of the Netarts marsh system to changes in relative sea level.
As noted earlier, the second and third buried peat horizons are missing from several of the interior marsh sites, and the VLO sediment horizons are generally missing from site 6. In these cases, *Diatom assemblages: brackish-marine, 0; mixed, 10; fresh, 20.
•' Estimated horizon interval. sediment samples were analyzed from representative depths in the cores, as determined from known horizon depths at adjacent sites (Table 2) .
Percent Organics
The percent weight of organic material some 5-15 cm from the modem marsh surface ranges from 11% to 44% at sites 5-10 (Figure 7) . The highest values of organic material (32-44%) are found at sites 6,7, and 10 adjacent to the west, east, and south perimeters of the marsh. These sites are characterized by high marsh plant assemblages and the highest elevations of the modem marsh surface (Table 1) 
Diatom Assemblages
The relative abundances of freshwater and marine-brackish water diatoms in buried peat horizons provides a second measure of deposit elevation relative to MTL. Since Netarts Bay lacks any significant fluvial input, the presence of freshwater diatoms (Table 3a) reflects either freshwater ponding on a supratidal marsh surface during rainy periods or perhaps a forested wetland surface (also supratidal). Buffed peat tops that are dominated by freshwater diatoms were only found in the perimeter marsh cores 5, 6 and 10 ( Table 2) With one exception (horizon 5S), the overlying laminated muds (VLO horizons) are dominated by marine and brackish water diatoms (Figures 6 and 8) . (Table 3b ) substantiates the interpretations of gradual subsidence implied by (1) color change (from dark brown to gray) and (2) decrease in percent organics observed across this unique contact at sites 5, 10, 11, and 13. However, abrupt transitions from fresh diatoms (peat tops) to brackish diatoms (SCL or VLO layers) in the majority of the burial units imply an asymmetry in the apparent rate of sea level change. That is to say, a fast relative sea level rise (submergence) is followed by a gradual relative sea level fall (emergence), assuming (1) similar sediment supply rates and (2) no postdepositional erosion of SCL layers.
Sand Supply
Increases of sand abundance (10-70%) from laminated mud horizons to overlying peaty deposits is observed at most sites in the Netarts marsh ( Table 2) (Figures 1 la, 1 lb, and 1 lc) Much of this section shortening (of the order of at least 0.5 m per event) must be taken up by tectonic uplift between successive subsidence events. Any section shortening due to sediment compaction must be small, and it must occur shortly after deposition. For example, there is no evidence of greatly increasing sediment bulk density in successively deeper horizons to account for the estimated section ' shortening of nearly 50% (Table 2) . We have reconstructed the successive development of the existing stratigraphic section (core site 5) on the basis of (1) measured lengths of burial intervals and (2) estimated subsidence displacements (Figure 14 
General Model of Marsh Response to Tectonic Forcing
The late Holocene marsh sequences in Netarts Bay record multiple episodes of marsh burial in response to tectonic subsidence. Marsh burial by floods or storm surges is precluded by negligible fluvial input into this coastal lagoon and by the high degree of marsh protection from ocean storm conditions by the sand spit to the west (Figure 3) . Furthermore, the persistent changes in deposit elevation, following abrupt burial events, role out marsh burial by (1) interannual changes in tidal inlet geometries, (2) short-term fluctuations in ocean circulation and sea level, or (3) distantly generated tsunamis (not associated with Cascadia subduction zone seismicity). Finally, while the consistently strong asymmetry in relative sea level changes (abrupt submergence and gradual emergence) is predicted for subduction zone tectonics, it is highly unlikely to be produced by minor oscillations of eustatic (global) sea level.
Interestingly, the interior marsh sites record both fewer subsidence events and less marsh development (thinner peats) than the perimeter marsh sites ( Figure  5) . Apparently, the rates of marsh reestablishment in the central marsh areas, particularly sites 8, 9, and 12, lag behind those of the more protected perimeter sites. , personal communication,  1988) . Significantly, the observed marsh burial sequences from both of the bays adjacent to Netarts Bay show the same asymmetry of coseismic subsidence followed by interseismic deposition and/or uplift that we have docttrpented in Netarts Bay.
Finally, significant t'•C age overlaps are observed for at least four burial horizons (300-500, 1000-1300, 1500-1800, and 3000-3300 RCYBP) which are dated at Netarts Bay and reported for southwest Washington [Atwater, 1988] . The similarity of burial sequences (similar number of events and event age ranges) observed over at least a 200 km coastline argues for potentially synchronous events of coseismic strain release forced by subduction zone tectonics. However, much additional work is needed to constrain the sequence and timing of specific burial events to more rigorously test the potential for event synchroneity along this margin.
